Supporting Information S1. Image processing procedures of multiple frame averaging.
was generated after averaging 4 frames. One raw STM image of the Stone-Wales (S-W) defect was taken. We used the known 2-fold symmetry of the S-W defect to rotate the image once by 180º and thereby doubled the number of the raw image to average. We also used the known mirror symmetry of the S-W defect to flip the 2 images and thereby doubled the number of raw images to average. This process produced 4 raw frames. The 4 frames were processed through 5 iterations of rigid alignment and 5 iterations of non-rigid alignment, which generated an averaged image. Finally, the averaged image was smoothed using ImageJ and shown in Fig. 4a . Fig. 4b was generated after smoothing one raw STM image using ImageJ. The STM image cannot be manipulated using symmetry because there is a bright region to the left of the DV(5-8-5) structure and this region breaks the symmetry of the image. Fig. 4c was generated after averaging 138 frames. 23 raw STM images of the DV(555-777) were taken from the same area, of the same image size, with no change in tip configuration or in the STM image parameters. We used the known 3-fold symmetry of the DV(555-777) defect to rotate the image twice by 120º and thereby tripled the number of raw images to average to 69 frames.
We also used the known mirror symmetry of the DV(555-777) defect to flip the 69 images and thereby doubled the number of raw images to average. This process produced 138 raw frames. The 138 frames were processed through 5 iterations of rigid alignment and 5 iterations of non-rigid alignment, which generated an averaged image. Finally, the averaged image was smoothed using ImageJ and shown in Fig. 4c . Fig. 4d was generated after averaging 4 frames. One raw STM image of the DV(5555-6-7777) defect was taken. We used the known 2-fold symmetry of the DV(5555-6-7777) defect to rotate the image once by 180º and thereby doubled the number of the raw image to average. We also used the known mirror symmetry of the DV(5555-6-7777) defect to flip the 2 images and thereby doubled the number of raw images to average. This process produced 4 raw frames. The 4 frames were processed through 5 iterations of rigid alignment and 5 iterations of non-rigid alignment, which generated an averaged image. Finally, the averaged image was smoothed using ImageJ and shown in Fig. 4d . Fig. 5 was generated from the same raw data and the same process as that for Fig. 4c , except that Fig. 5 was cropped from a larger field of view to show the strain field in the surrounding unit cells. Fig. 6a was generated after averaging 12 frames. One raw STM image of the 'flower' defect was taken. We used the known 6-fold symmetry of the 'flower' defect to rotate the image once by 60º and thereby multiplied the number of the raw image to average by six. We also used the known mirror symmetry of the 'flower' defect to flip the 6 images and thereby doubled the number of raw images to average. This process produced 12 raw frames. The 12 frames were processed through 5 iterations of rigid alignment and 5 iterations of non-rigid alignment, which generated an averaged image. Finally, the averaged image was smoothed using ImageJ and shown in Fig. 6a .
S2. Computational methods and settings.
S2a. Reference calculations on the pristine supported oxide film were performed in a small ( for the defect calculations. In these calculations standard titanium and gold, and soft oxygen (energy cutoff of 270 eV) pseudo-potentials provided by VASP were used, enabling a thorough structural relaxation of all the systems that were studied. Results on the perfect supported honeycomb film obtained with the soft and the full (energy cutoff of 400 eV) oxygen pseudopotentials were analyzed and showed that differences of structural characteristics (adsorption height, film rumpling) were below 0.01 Å, that the oxide/metal separation energies were smaller than 0.02 eV/Ti 2 O 3 , and that interface charge transfer changed by less than 0.03 /Ti 2 O 3 only. 
S4. Generation of a Ti 2 O 3 divacancy defect during STM imaging.
The formation of Ti 2 O 3 divacancy defects via tip-surface interactions were sometimes observed during STM imaging. Fig. S1a shows a STM image of the pristine honeycomb surface. In the subsequent scan (Fig. S1b) , a DV(5555-6-7777) defect and a S-W defect appear on the left part of the image. A Ti 2 O 3 cluster is removed by the STM tip followed by rearrangement of the honeycomb lattice into pentagons and heptagons. 
